Many economists are convinced that when individuals are asked to formulate probabilities they are unlikely to do it correctly (Mark J. Machina, 1990 ). However, the same analysts would likely add that people do have a reasonably articulated, but biased, internal scale for risk perceptions. As a result, the extent of bias in these subjective perceptions has been an important unresolved issue. For the most part, the available evidence on these issues stems from simple laboratory experiments and comparisons of subjective and expert risk assessments for a diverse array of activities (Baruch Fischhoff et al., 1993). Current public policy associated with many different sources of risk relies on consumer sovereignty and implicitly trusts that these biases in risk perception will not be great. Until recently there has been no opportunity to test this question outside the setting of laboratory experiments.
subjective distributions were flatter and exhibited greater variance. Moreover, they also appeared to display disproportionate reliance on the longevity patterns of relatives.
The HRS panel structure provides a unique opportunity to examine the evolution of subjective longevity expectations over time. Two recent studies by Michael D. Hurd and Kathleen McGarry (1998) and Hurd et al. (1999) , which use the HRS and the Asset and Health Dynamics among the Oldest-Old study (AHEAD) samples, are relevant to our analysis. Hurd and McGarry (1998) focused primarily on the predictive validity of subjective probabilities, considering how longevity expectations respond to new information and whether these expectations serve as predictions of mortality. Their analysis considered waves 1 and 2 of the HRS.1 They found that subjective beliefs decline upon the death of a parent and respond to only one type of new health outcome: cancer. Hurd et al. (1999) found that, for an older population (i.e., aged 70 or older), subjective beliefs do respond (in stronger terms than in the HRS sample) to the onset of health conditions.2
Our analysis introduces a new question to the evaluation of longevity expectations. It considers whether these responses can be relied upon to include all of the information people have to form their subjective survival probabilities. It also extends earlier analyses of the role of longevity expectations as predictors of mortality in three ways. First, two additional waves of interviews offer a more complete record to evaluate subjective beliefs. Second, our analysis recognizes the censoring over time that occurs in the sample of individuals who are available for testing the predictive value of longevity expectations. To do so, we used the Wynand P. M. M. van de Ven and Bernard M. S. van Praag (1981) proposal, which extends James J. Heckman's (1979) selection model to the case of a probit with sample selection. Separate models were estimated for deaths between waves 3 and 4, taking into account deaths between waves 2 and 3, as well as for deaths between waves 1 and 2. We also considered deaths between waves 2 and 3, allowing for earlier losses. By focusing on new health events and changes in activity restrictions, the estimated models distinguish separate effects, over time, for changes in health status and household income.
Finally, we exploited the unique advantages of the panel to evaluate longevity expectations over time. This was accomplished by considering specific subsamples (e.g., those individuals either dead or surviving at the time of a specific interview wave). For example, to develop insight into the temporal evolution of longevity expectations, we considered those individuals who died between waves 3 and 4 and examined the time profile of their earlier responses to the question about longevity expectations.
II. Data
Four waves of the HRS (waves 1-4) provided the basis for this study. The HRS is a national panel study of birth cohorts 1931-1941 and the spouses of the married members of the cohort (F. Thomas Juster and Richard Suzman, 1995). Respondents to wave 1 of the HRS, which was conducted in 1992, were 51-61 years old (with some spouses being younger or older than this). The baseline included 12,652 persons (7,600 households), with oversamples for Mexican-Americans, African-Americans, and residents of Florida.3 The objectives underlying the development of the panel were (1) to 1 Our results reveal that expanding the time horizon for the panel helps to explain Hurd and McGarry's (1998) results. Their analysis of waves 1 and 2 of the HRS indicates a decline in subjective longevity between waves 1 and 2 for survivors, a response inconsistent with what we would expect with age. By extending the analysis to waves 3 and 4, we find that for those surviving to wave 4, subjective beliefs about longevity do increase between waves 2 and 3.
2 This comparison of subjective longevity with actual mortality is incomplete due to the low response rate to the longevity expectations question. Nonetheless, with subjective probability measured as a difference with respect to the life-table survival rate for the target age, Hurd et al. (1999) found this deviation to be a significant determinant of mortality.
3 HRS oversampled residents of the state of Florida because the congressional appropriation language that funded HRS stated that special attention be paid to areas with a large number and high density of older persons. Florida was chosen over Arizona because of the relatively small number of elders in Arizona; it was chosen over California because of the lower density of elders in California. The Florida oversample was financed by a special appropriation from the National Institute on Aging general budget as well as from the State of Florida (Juster and Suzman, 1995) . explain the antecedents and consequences of retirement; (2) to examine the relationships among health, income, and wealth over time, as well as life-cycle patterns of wealth accumulation and consumption; (3) to monitor work and disability interactions; and (4) to provide the baseline for a long-term epidemiological study on aging (Juster and Suzman, 1995) . Baseline interviews were conducted in respondents' homes, with telephone follow-ups scheduled every two years for 12 years. HRS contains extensive information on health behaviors, health and functional status, and individuals' subjective perceptions of longevity. HRS is especially well suited to our objective because it includes a question that closely parallels the original Hamermesh (1985) formulation of longevity expectations.
During each wave of the survey, respondents were asked about their longevity expectations.4 We analyzed three groups from the HRS. The first sample consisted of all persons responding to wave 1 (N = 12,652); for this sample, we assessed mortality by wave 2. The second sample consisted of individuals who responded to waves 1 and 2 of the HRS (N = 11,492); for this sample, we assessed mortality by wave 3. We also assessed mortality by wave 4 for those persons who survived and responded to waves 1-3. Although a small number of respondents died between waves (see Table 1 ), the death rate was consistent with what would be expected from standard life-tables.5 Table 1 reports our test of the performance of subjective longevity in predicting mortality. Each model takes into account the censoring associated with death in preceding waves. After reporting the means for the variables in each model, based on the sample available for analysis of deaths between waves 3 and 4 in the first column, Table 1 provides two models for deaths between waves 3 and 4. The first model considers the role of longevity expectations, new health conditions between waves 2 and 3, changes in the count of each respondent's reported limitations in activities of daily living between waves 2 and 3, smoking status in the preceding wave, and family income in the preceding wave. The model also includes two selection effects: the first takes into account the fact that respondents must be alive (and participating) in wave 3 in order to be eligible to be counted as a death between waves 3 and 4. This selection model includes the following as determinants of being alive for wave 3: the longevity expectation in wave 2, smoking status in wave 2, new health shocks between waves 1 and 2, earlier changes in activity limitations (i.e., between waves 1 and 2), family income in wave 2, and some demographic characteristics. The second selection effect is accounted for by using an independently estimated inverse Mills ratio for survival between waves 1 and 2. This selection effect takes into account the sample censoring associated with respondents living to wave 2.
III. Findings
Our results confirm the dramatic advantages 4The specific question uses a Likert scale and asks, "With 0 representing absolutely no chance, and 100 absolute certainty, what is the chance that you will live to be 75 years of age or older?" In wave 2, the same question was asked but on a scale of 0 to 10. In both cases our analysis normalizes the variable so that it falls in the 0-1.0 range. This question was asked in waves 3 and 4 in exactly the same way it was asked in wave 2, both in terms of wording and scale. Smith et al. (1987) found that changing the format of the Likert scales, which are used to elicit subjective measures of risk perceptions, did not affect statistical models describing the updating of risk in response to new information.
5 Attrition complicates the process of judging the death rates in the HRS panel. To evaluate the consistency of the death rate in the HRS sample, we considered deaths between waves 3 and 4, estimating the deaths per thousand respondents by using the sample with sufficient information to estimate our mortality models. Deaths between waves 3 and 4 would imply a rate of 17.4 deaths per thousand. However, the HRS has experienced approximately 20-percent attrition that is not due to death. Adjusting the base sample size to include these former respondents who did not die by wave 4, we have an adjusted death rate of 14.5 per thousand. The median age of these respondents when they entered the HRS in 1992 was 55 in wave 1. By wave 4, this median would be 61. A national measure of deaths per thousand individuals at age 61 (as of 1996) is 12.54; at age 62 it is 13.70 (U.S. Department of Commerce, 1999 Table  129 ). Thus, the death rate for the HRS corresponds fairly closely, given the small sample, to what would be expected for this age-group. 6 Although one could estimate the two selection effects jointly with the final probit model for mortality, our adaptation to the Heckman (1979) two-step logic is a convenient and asymptotically equivalent way (Halbert White, 1982) to gauge the importance of the multiple selections. The results confirm that our basic conclusions are not changed whether or not we account for this earlier selection effect. Table 1 reports a probit model with selection that drops these variables both from the mortality and the "alive in preceding wave" selection models. The link between longevity expectations and mortality appears somewhat stronger, with new health shocks and changes in activity restrictions remaining significant. Their coefficient estimates also have approximately the same magnitude as in the more detailed specification.
Column four of Table 1 The second component of our findings stems from an inconsistency that seemed to arise from the longevity responses to waves 1 and 2. Hurd and McGarry (1998) reported lower longevity expectations when they compared average re- Table 2 reports average values of longevity expectations of those individuals who died between waves 3 and 4 in each preceding interview. There is a clear downward trend, which suggests that these individuals may have had more information than could be used to estimate survival probabilities on an actuarial basis. Of course, the differences are small. Nonetheless, the pattern appears even more striking when we consider those individuals who survived to wave 4 (last row of Table  2 ). Their longevity expectations are significantly higher and do not decline over the full period. The second row of Table 2 repeats the evaluation for those individuals who died be- , as examples) for updates to longevity expectations between waves 1 and 2 and in waves 2 and 3. In addition to measures of new information between waves 2 and 3-new health shocks and changes in the activity limitation variable that we described earlier-we include smoking status and, following the suggestions of Hamermesh (1985) and Hurd and McGarry (1998) , the survival status of both parents. In general, the effects of parental variables are consistent with the qualifications raised by these authors about how relatives' longevity experiences seem to be used by respondents in assessing their own longevity expectations.
Our primary purpose in considering this model was to test whether the longevity expectation measurement reflects all of the information known to an individual but not necessarily objectively observable at the time it was elicited. We tested this hypothesis by including the mortality status of respondents after they reported their longevity expectations.
To outline the structure of our test, consider a model specification that includes a qualitative variable indicating whether a respondent died during the two years after he reported his longevity expectations. Although respondents do not know they will die between this interview and the next (in two years' time), they may have information about their health status that is more complete than what is conveyed to the analyst by their reports about new health conditions and increases in activity restrictions. This strategy seems to offer a direct test. Unfortunately, it does not. Including a qualitative variable for future death in the longevity updating model simply reverses the causality implied, in our models, to test longevity expectations as a predictor of future mortality. Although one test is a probit (i.e., the mortality models in Table 1 ) and another is a regression (Table  3) This framework does not simply reverse the prediction test. Table 4 reports our tests for waves 2 and 3. In contrast to the results of the simple tests in Table 3 , the significant negative estimates for (-a2ja1), using a Wald test, imply that we must reject the hypothesis that an individual's longevity expectation contains all of the information that each person knows about his or her survival prospects. Moreover, they are consistent with the temporal patterns described in Table 2 . That is, the reverse regression framework allows a comparison of estimates for longevity expectations, assuming they arise from the Bayesian updating framework. Our test implies that all respondents with comparable reported longevity expectations, whether they survive to a future wave or not, should have the same estimates for longevity expectations, based on the updating model. The negative and significant estimate for the parameter (-a21a1) that is associated with the variable indicating whether a respondent dies after reporting a longevity expectation, implies that these respondents would report lower survival prospects than those that the model based on their responses would estimate for them. These results hold for waves 2 and 3. Thus, respondents who later die appear to have information (in addition to their reported health shocks and activity limitations) that is relevant to their perceived survival prospects but is not reflected in the updating models that describe how new information affects these expectations. Thus, we conclude that although our models of longevity expectations are generally consistent with the micro outcomes, they do not incorporate all of the factors that a person expects to be relevant for survival to age 75 or older.
IV. Implications
Until now, it has been largely impossible to evaluate how subjective perceptions of mortality fare as predictions of death at the individual level. The HRS has changed the landscape for evaluations of risk perceptions. Our analysis took the most complete version of the HRS available and evaluated the relationship between subjective beliefs about mortality and actual deaths at the individual level. We found remarkable, but not complete, consistency.
These longevity expectations are reasonably good predictions of future mortality. They are also consistently updated with new health information but do not appear to reflect all of the information that respondents who subsequently die know about their survival prospects. In short, their reported longevity expectations are lower than the updating model would imply for them after taking into account new health shocks and activity restrictions. The estimated effect is relatively small, -0.11, but significantly estimated for both sets of comparisons (i.e., waves 3-4 and 2-3). Those individuals who later die appear to know more about their health status than is reported in their ratings of activity limitations and new health shocks. As a result, this future death is negatively associated with their answers to the longevity questions elicited at an earlier date. Nonetheless, our findings leave little room for doubt about whether these subjective perceptions of longevity should be taken seriously. It is clear that they should. Subjective risk perceptions have important implications for models of savings behavior, life cycle decisions, labor supply and retirement, and the development of information programs about risky behaviors (e.g., smoking, substance abuse, etc.). The next step in the research process would seem to be to develop models of economic behavior that accept measures of subjective risk perceptions as legitimate and then investigate their relative importance, in comparison to more conventional economic variables, in explaining how people's behavior responds to these expectations being updated with new information.
